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TREATMENT PLANNING WITH IMPLANTABLE 
BRONCHIAL ISOLATION DEVICES 

REFERENCE TO PRIORITY DOCUMENT 

[0001] This application claims priority of co-pending US. 
Provisional Patent Application Ser. No. 60/485,987, entitled 
“Treatment Planning With Implantable Bronchial Isolation 
Devices”, ?led Jul. 9, 2003. Priority of the aforementioned 
?ling date is hereby claimed, and the disclosure of the 
Provisional Patent Application is hereby incorporated by 
reference in its entirety. 

BACKGROUND 

[0002] This disclosure relates generally to pulmonary pro 
cedures and, more particularly, to methods for planning 
treatment of lung disease using minimally invasive treat 
ment methods. 

[0003] Certain pulmonary diseases, such as emphysema, 
reduce the ability of one or both lungs to fully expel air 
during the exhalation phase of the breathing cycle. Such 
diseases are accompanied by chronic or recurrent obstruc 
tion to air ?oW Within the lung. One of the effects of such 
diseases is that the diseased lung tissue is less elastic than 
healthy lung tissue, Which is one factor that prevents full 
exhalation of air. During breathing, the diseased portion of 
the lung does not fully recoil due to the diseased (e.g., 
emphysematic) lung tissue being less elastic than healthy 
tissue. Consequently, the diseased lung tissue exerts a rela 
tively loW driving force, Which results in the diseased lung 
expelling less air volume than a healthy lung. 

[0004] The problem is further compounded by the dis 
eased, less elastic tissue that surrounds the very narroW 
airWays that lead to the alveoli, Which are the air sacs Where 
oxygen-carbon dioxide exchange occurs. The diseased tis 
sue has less tone than healthy tissue and is typically unable 
to maintain the narroW airWays open until the end of the 
exhalation cycle. This traps air in the lungs and exacerbates 
the already-inef?cient breathing cycle. The trapped air 
causes the tissue to become hyper-expanded and no longer 
able to effect ef?cient oxygen-carbon dioxide exchange. 

[0005] In addition, hyper-expanded, diseased lung tissue 
occupies more of the pleural space than healthy lung tissue. 
In most cases, a portion of the lung is diseased While the 
remaining part is relatively healthy and, therefore, still able 
to ef?ciently carry out oxygen exchange. By taking up more 
of the pleural space, the hyper-expanded lung tissue reduces 
the amount of space available to accommodate the healthy, 
functioning lung tissue. As a result, the hyper-expanded lung 
tissue causes inef?cient breathing due to its oWn reduced 
functionality and because it adversely affects the function 
ality of adjacent healthy tissue. 

[0006] Lung reduction surgery is one method of treating 
emphysema. Lung volume reduction surgery (LVRS) 
involves the surgical removal of hyperin?ated portions of 
the lung destroyed by emphysema in order to alloW the 
remaining, and presumably healthier, lung tissue to re-in?ate 
and to alloW the chest cavity and diaphragm to return to a 
more mechanically advantageous shape. HoWever, such a 
conventional surgical approach is relatively traumatic and 
invasive, and, like most surgical procedures, is not a viable 
option for all patients. 
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[0007] Consequently, minimally invasive methods have 
been developed for treating diseases, such as emphysema, 
that reduce the ability of one or both lungs to fully expel air 
during the exhalation phase of the breathing cycle. Unlike 
LVRS, Which requires surgically opening the chest cavity, 
minimally invasive treatments are performed by inserting 
devices such as catheters and bronchoscopes through the 
trachea and into the lung Without surgically opening the 
chest cavity. The intent of LVRS is similar to these mini 
mally invasive lung isolation methods in that the goal is the 
restoration of more normal lung function by isolating dis 
eased lung tissue. Avariety of minimally invasive methods 
are described beloW. 

[0008] One important difference betWeen LVRS and these 
minimally invasive methods is that With LVRS, the chest 
cavity is opened surgically. The lungs may be accessed and 
treated directly through a medial sternotomy or a thorac 
otomy, or endoscopically through a procedure knoWn as 
VATS or video-assisted thoracic surgery. Whichever method 
is used, an incision is made in the chest, and the surgeon 
performing the procedure can directly vieW and/or feel the 
lungs to determine Which portions of the lung are most 
damaged and thus are the portions that should be targeted 
and removed. By contrast, minimally invasive methods are 
performed Without the chest being surgically opened, requir 
ing the doctor performing the procedure to rely on methods 
other than external visualiZation or manual manipulation of 
the diseased lung to determine the most appropriate regions 
to isolate or treat. Additionally, the minimally invasive lung 
methods may provide clinical improvement via different 
mechanisms of action than LVRS, and these mechanisms of 
action may require different patient selection and treatment 
targeting methods than LVRS. These mechanisms of action 
may include absorption atelectasis, atelectasis via venting of 
exhaled air through implanted one-Way valve bronchial 
isolation devices, reduction of dead-space ventilation, 
improved ventilation and perfusion matching, dampening of 
dynamic hyperin?ation, reduction of residual volume (RV) 
by improving the net elastic recoil of the lung(s), as Well as 
other, as yet unknoWn mechanisms. 

[0009] Other diseases in addition to emphysema that are 
suitable for minimally invasive methods include chronic 
bronchitis, obliterative bronchiolitis and air leaks. It should 
be appreciated that this is not a complete list of diseases and 
conditions that are suitable for application of the diagnosis 
and treatment methods presented here. 

[0010] In vieW of the foregoing, there is a need for 
methods of determining Which patients are best suited for 
treatment With minimally invasive lung isolation, methods 
of determining the extent and location of the lung damage, 
and methods of determining the treatment plan for isolating 
or appropriately modifying the gas dynamics in the targeted 
portions of the lung. The methods are desirably adapted to 
minimally invasive approaches and do not require direct 
access or visualiZation of the lungs. 

SUMMARY 

[0011] Disclosed is a method of determining a treatment 
strategy for minimally invasive lung treatment, comprising 
performing at least one diagnostic procedure on a patient to 
obtain at least one diagnostic result and determining that the 
patient is eligible for minimally invasive lung treatment if at 
least one diagnostic result satis?es predetermined eligibility 
criteria. 
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[0012] Also disclosed is a method of planning lung treat 
ment, comprising detecting the presence, degree, and dis 
tribution of a disease in the lung; analyzing results of the 
detecting step to obtain at least one grade indicative of the 
level of disease in at least one region of the lung; and 
identifying a lung or a region of the lung to be treated based 
on at least one grade obtained in the analyZing step. 

[0013] Also disclosed is a method of determining a treat 
ment strategy for minimally invasive lung treatment of a 
patient, comprising performing at least one test on the 
patient to obtain data indicative of a lung disease and 
developing a treatment plan based on the data, Wherein the 
treatment plan speci?cally identi?es at least one lung region 
to be targeted for minimally-invasive lung treatment. 

[0014] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A shoWs an anterior vieW of a pair of human 
lungs and a bronchial tree With a bronchial isolation device 
implanted in a bronchial passageWay to bronchially isolate 
a region of the lung. 

[0016] FIG. 1B shoWs a perspective vieW of an exemplary 
bronchial isolation device. 

[0017] FIG. 1C shoWs a cross-sectional, perspective vieW 
of the bronchial isolation device of FIG. 1B. 

[0018] FIG. 2 illustrates an anterior vieW of a pair of 
human lungs and a bronchial tree. 

[0019] FIG. 3 illustrates a lateral vieW of the right lung. 

[0020] FIG. 4 illustrates a lateral vieW of the left lung. 

[0021] FIG. 5 illustrates an anterior vieW of the trachea 
and a portion of the bronchial tree. 

[0022] FIG. 6 shoWs a ?oW diagram that describes a 
planning method for minimally invasive treatment of lung 
disease. 

[0023] FIG. 7 shoWs a ?oW diagram that describes a 
method of targeting a lung and lung region for minimally 
invasive treatment. 

DETAILED DESCRIPTION 

[0024] Disclosed are methods for treatment planning for 
minimally invasive methods of treating pulmonary disease, 
such as emphysema. As used herein, the terms “minimally 
invasive methods” and “minimally invasive treatments” 
refer to lung disease treatment methods on a patient per 
formed Without the chest of the patient being surgically 
opened. Minimally invasive methods are performed by 
inserting devices such as catheters and bronchoscopes 
through the trachea and into the lung Without surgically 
opening the chest cavity. Some exemplary minimally-inva 
sive methods are described beloW. Pursuant to some of the 
minimally invasive methods, one or more regions of the lung 
are “isolated” such that ?uid ?oW to and/or from the one or 
more regions is reduced or eliminated. In others, neW 
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channels are created in bronchial Walls to create ?oW path 
Ways to distal lung parenchyma. 

[0025] As discussed, minimally invasive methods are per 
formed Without the chest being surgically opened, requiring 
the doctor performing the procedure to rely on methods 
other than manual manipulation of the diseased lung to 
determine the most appropriate lung regions to isolate or 
treat. Additionally, the minimally invasive lung methods for 
the treatment of emphysema can provide clinical improve 
ment via different mechanisms of action than LVRS, and can 
require different patient selection and treatment targeting 
methods than LVRS. 

[0026] Exemplary Minimally Invasive Methods 

[0027] There are numerous minimally invasive methods 
for isolating or redirecting gas ?oW in a region or regions of 
the lung for treatment of pulmonary disease, such as emphy 
sema or air leaks, intended to modify the gas ?oW dynamics 
during respiration for volume reduction, reduction of 
dynamic hyperin?ation, collapse of the lung region(s), or to 
reduce or seal lung air leaks. 

[0028] One such minimally invasive method involves the 
implantation in the lung(s) of one or more bronchial isola 
tion devices. The bronchial isolation devices can be, for 
example, one-Way valves that alloW ?oW in the exhalation 
direction only, occluders or plugs that prevent ?oW in either 
direction, or tWo-Way valves that control ?oW in both 
directions. As shoWn in FIG. 1A, a bronchial isolation 
device 110 is delivered to a target location in a bronchial 
passageWay by mounting the device 110 at the distal end of 
a delivery catheter 111 and then inserting the delivery 
catheter into the bronchial passageWay. Once the distal end 
is properly is positioned in the bronchial passageWay, the 
bronchial isolation device 110 is ejected from the delivery 
catheter 111 and deployed Within the passageWay. In the 
example shoWn in FIG. 1, the distal end of the delivery 
catheter 111 is inserted into the patient’s mouth or nose, 
through the trachea, and doWn to a target location in the 
bronchial passageWay using a bronchoscope 120. Alter 
nately, the delivery catheter 111 can be guided to the target 
location in the patient’s lungs using a guideWire. 

[0029] An exemplary bronchial isolation device 110 that 
permits one-Way ?uid ?oW therethrough is shoWn in FIGS. 
1B and 1C. The bronchial isolation device 110 includes a 
main body that de?nes an interior lumen 115 (FIG. 1C) 
through Which ?uid can ?oW along a ?oW path. The ?oW of 
?uid through the interior lumen 115 is controlled by a valve 
member 122. The valve member 122 in FIGS. 1A and 1B 
is a one-Way valve, although tWo-Way valves can also be 
used, depending on the type of ?oW regulation desired. 

[0030] The bronchial isolation device 110 has a general 
outer shape and contour that permits the bronchial isolation 
device 110 to ?t entirely Within a body passageWay, such as 
Within a bronchial passageWay. The bronchial isolation 
device 110 includes an outer seal member 125 that provides 
a seal With the internal Walls of a body passageWay When the 
bronchial isolation device is implanted into the body pas 
sageWay. The seal member 125 includes a series of radially 
extending, circular ?anges 127 that surround the outer 
circumference of the bronchial isolation device 110. The 
bronchial isolation device 110 also includes an anchor 
member 128 that functions to anchor the bronchial isolation 
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device 2000 Within a body passageway. It should be appre 
ciated that device shown in FIGS. 1B and 1C is exemplary 
and that other types of bronchial isolation devices can be 
used to bronchially isolate the targeted lung region. 
[0031] The folloWing references describe exemplary bron 
chial isolation devices and corresponding delivery devices: 
US. Pat. No. 5,954,766 entitled “Body Fluid FloW Control 
Device”; US. patent application Ser. No. 09/797,910, 
entitled “Methods and Devices for Use in Performing Pul 
monary Procedures”; US. patent application Ser. No. 
10/270,792, entitled “Bronchial FloW Control Devices and 
Methods of Use”; Us. patent application Ser. No. 10/448, 
154, entitled “GuideWire Delivery of Implantable Bronchial 
Isolation Devices in Accordance With Lung Treatment”; 
US. patent application Ser. No. 10/275,995, entitled “Bron 
chiopulmonary Occlusion Devices and Lung Volume 
Reduction Methods”; US. patent application Ser. No. 
10/645,473, entitled “Delivery Methods and Devices for 
Implantable Bronchial Isolation Devices”; US. patent appli 
cation Ser. No. 10/627,941, entitled “Bronchial FloW Con 
trol Devices With Membrane Seal”; and Us. patent appli 
cation Ser. No. 10/723,273, entitled “Delivery Methods and 
Devices for Implantable Bronchial Isolation Devices”. The 
foregoing references are all incorporated by reference in 
their entirety and are all assigned to Emphasys Medical, Inc., 
the assignee of the instant application. 

[0032] Other types of minimally invasive methods also 
exist, including the infusion of glue or other therapeutic 
agents into the targeted lung region in order to seal or ?brose 
the lung tissue, the application of RF energy, the injection of 
bulking agents into the airWay Walls, and the application of 
internal and external ligating clips. These methods are 
intended to close or at least partially close the airWays in 
order to isolate a region of the lung. Minimally invasive 
methods have also been proposed Whereby the gas in the 
lung region targeted for isolation is evacuated either prior to 
or after sealing With one or more plugs or a one-Way valves. 
As mentioned, all of these treatments are performed in a 
minimally invasive manner in that they are performed by 
inserting catheters and bronchoscopes through the trachea 
and into the lung Without surgically opening the chest cavity. 
[0033] Another minimally invasive lung treatment method 
does not isolate lung tissue, but creates neW channels in the 
Walls of bronchial lumens leading to lung regions targeted 
for treatment. These bronchial Wall channels or collaterals 
are intended to improve the volume of air ?oWing from the 
treated lung regions during exhalation to mitigate the effects 
of increased airWay resistance hyperin?ation often seen With 
emphysema. Such methods are described in Us. patent 
application Ser. No. 10/448,153 entitled “Modi?cation Of 
Lung Region FloW Dynamics Using FloW Control Devices 
Implanted In Bronchial Wall Channels”, Which is incorpo 
rated by reference in its entirety and assigned to Emphasys 
Medical, Inc., the assignee of the instant application. 
[0034] It should be appreciated that the treatment planning 
methods described herein are not limited solely to use With 
the minimally invasive methods described above and that 
the treatment planning methods can be used in conjunction 
With other types of minimally invasive methods for treating 
lung disease. 
[0035] Exemplary Lung Anatomy 
[0036] FIG. 2 shoWs an anterior vieW of a pair of human 
lungs 210, 215 and a bronchial tree 220 that provides a ?uid 
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pathWay into and out of the lungs 210, 215 from a trachea 
225, as Will be knoWn to those skilled in the art. As used 
herein, the term “?uid” can refer to a gas, a liquid, or a 
combination of gas(es) and liquid(s). For clarity of illustra 
tion, FIG. 2 shoWs only a portion of the bronchial tree 220, 
Which is described in more detail beloW With reference to 
FIG. 5. 

[0037] Throughout this description, certain terms are used 
that refer to relative directions or locations along a path 
de?ned from an entryWay into the patient’s body (e.g., the 
mouth or nose) to the patient’s lungs. The path of air?oW 
into the lungs generally begins at the patient’s mouth or 
nose, travels through the trachea into one or more bronchial 
passageWays, and terminates at some point in the patient’s 
lungs. For example, FIG. 2 shoWs a path 202 that travels 
through the trachea 225 and through a bronchial passageWay 
into a location in the right lung 210. The term “proximal 
direction” refers to the direction along such a path 202 that 
points toWard the patient’s mouth or nose and aWay from the 
patient’s lungs. In other Words, the proximal direction is 
generally the same as the expiration direction When the 
patient breathes. The arroW 204 in FIG. 2 points in the 
proximal or expiratory direction. The term “distal direction” 
refers to the direction along such a path 202 that points 
toWard the patient’s lung and aWay from the mouth or nose. 
The distal direction is generally the same as the inhalation or 
inspiratory direction When the patient breathes. The arroW 
206 in FIG. 2 points in the distal or inhalation direction. 

[0038] The lungs include a right lung 210 and a left lung 
215. The right lung 210 includes lung regions comprised of 
three lobes, including a right upper lobe 230, a right middle 
lobe 235, and a right loWer lobe 240. The lobes 230, 235, 
240 are separated by tWo interlobar ?ssures, including a 
right oblique ?ssure 226 and a right transverse ?ssure 228. 
The right oblique ?ssure 226 separates the right loWer lobe 
240 from the right upper lobe 230 and from the right middle 
lobe 235. The right transverse ?ssure 228 separates the right 
upper lobe 230 from the right middle lobe 235. 

[0039] As shoWn in FIG. 2, the left lung 215 includes lung 
regions comprised of tWo lobes, including the left upper lobe 
250 and the left loWer lobe 255. An interlobar ?ssure 
comprised of a left oblique ?ssure 245 of the left lung 215 
separates the left upper lobe 250 from the left loWer lobe 
255. The lobes 230, 235, 240, 250, 255 are directly supplied 
air via respective lobar bronchi, as described in detail beloW. 

[0040] FIG. 3 is a lateral vieW of the right lung 210. The 
right lung 210 is subdivided into lung regions comprised of 
a plurality of bronchopulmonary segments. Each bronchop 
ulmonary segment is directly supplied air by a correspond 
ing segmental tertiary bronchus, as described beloW. The 
bronchopulmonary segments of the right lung 210 include a 
right apical segment 310, a right posterior segment 320, and 
a right anterior segment 330, all of Which are disposed in the 
right upper lobe 230. The right lung bronchopulmonary 
segments further include a right lateral segment 340 and a 
right medial segment 350, Which are disposed in the right 
middle lobe 235. The right loWer lobe 240 includes bron 
chopulmonary segments comprised of a right superior seg 
ment 360, a right medial basal segment (Which cannot be 
seen from the lateral vieW and is not shoWn in FIG. 3), a 
right anterior basal segment 380, a right lateral basal seg 
ment 390, and a right posterior basal segment 395. 
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[0041] FIG. 4 shows a lateral vieW of the left lung 215, 
Which is subdivided into lung regions comprised of a 
plurality of bronchopulmonary segments. The bronchopul 
monary segments include a left apical segment 410, a left 
posterior segment 420, a left anterior segment 430, a left 
superior lingular segment 440, and a left inferior lingular 
segment 450, Which are disposed in the left lung upper lobe 
250. The loWer lobe 255 of the left lung 215 includes 
bronchopulmonary segments comprised of a left superior 
segment 460, a left medial basal segment (Which cannot be 
seen from the lateral vieW and is not shoWn in FIG. 4), a left 
anterior basal segment 480, a left lateral basal segment 490, 
and a left posterior basal segment 495. 

[0042] FIG. 5 shoWs an anterior vieW of the trachea 325 
and a portion of the bronchial tree 220, Which includes a 
netWork of bronchial passageWays, as described beloW. The 
trachea 225 divides at a loWer end into tWo bronchial 
passageWays comprised of primary bronchi, including a 
right primary bronchus 510 that provides direct air How to 
the right lung 210, and a left primary bronchus 515 that 
provides direct air How to the left lung 215. Each primary 
bronchus 510, 515 divides into a next generation of bron 
chial passageWays comprised of a plurality of lobar bronchi. 
The right primary bronchus 510 divides into a right upper 
lobar bronchus 517, a right middle lobar bronchus 520, and 
a right loWer lobar bronchus 422. The left primary bronchus 
415 divides into a left upper lobar bronchus 525 and a left 
loWer lobar bronchus 530. Each lobar bronchus 517, 520, 
522, 525, 530 directly feeds ?uid to a respective lung lobe, 
as indicated by the respective names of the lobar bronchi. 
The lobar bronchi each divide into yet another generation of 
bronchial passageWays comprised of segmental bronchi, 
Which provide air How to the bronchopulmonary segments 
discussed above. 

[0043] As is knoWn to those skilled in the art, a bronchial 
passageWay de?nes an internal lumen through Which ?uid 
can How to and from a lung or lung region. The diameter of 
the internal lumen for a speci?c bronchial passageWay can 
vary based on the bronchial passageWay’s location in the 
bronchial tree (such as Whether the bronchial passageWay is 
a lobar bronchus or a segmental bronchus) and can also vary 
from patient to patient. HoWever, the internal diameter of a 
bronchial passageWay is generally in the range of 3 milli 
meters to 10 mm, although the internal diameter of a 
bronchial passageWay can be outside of this range. For 
example, a bronchial passageWay can have an internal 
diameter of Well beloW 1 mm at locations deep Within the 
lung. The internal diameter can also vary from inhalation to 
exhalation as the diameter increases during inhalation as the 
lungs expand, and decreases during exhalation as the lungs 
contract. 

[0044] Planning Methods for Minimally Invasive Treat 
ment 

[0045] Various exemplary minimally invasive treatment 
methods Were described above. Disclosed is a treatment 
planning method that can be used to maximiZe the effec 
tiveness of minimally invasive treatment on a patient. Pur 
suant to the treatment planning methodology, the presence of 
lung disease, such as emphysema, is ?rst identi?ed, fol 
loWed by a determination of the distribution and extent of 
damage of the disease, folloWed by a determination of 
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Whether the patient is suitable for treatment, and ?nally a 
determination of the appropriate strategy for treatment for a 
suitable patient. 

[0046] The treatment planning method is noW described 
With reference to the How diagram shoWn in FIG. 6. From 
a high-level standpoint, the treatment planning method 
generally includes four main steps. In an initial step, repre 
sented by the ?rst ?oW diagram box 610 in FIG. 6, the 
disease is diagnosed, Which comprises detecting the pres 
ence, distribution and degree of damage of the emphysema 
or other pulmonary disease using one or more test proce 
dures in order to obtain results. Next, the results of the test 
procedures are analyZed, as represented by the How diagram 
box 615. In the next step, represented by the How diagram 
box 620, it is determined Whether the patient is a suitable 
candidate for treatment. A scheme for targeting the regions 
of the lung for treatment is then determined, as represented 
by the How diagram box 625 and the patient is treated using 
minimally invasive methods. All of the steps are described 
in more detail beloW. 

[0047] 1. Disease Diagnosis 

[0048] As discussed, the ?rst step of the treatment plan 
ning method is to use one or more test or diagnostic 
procedures on the patient to diagnose the lung disease. The 
diagnostic procedures yield one or more results, some or all 
of Which are later used to determine Whether a patient is 
eligible for minimally invasive treatment. Diagnosis of the 
lung disease includes determining the presence, distribution 
and degree of damage of the lung disease. The treatment 
planning method is described herein in the context of 
treating the disease comprising emphysema, Which is 
de?ned pathologically as a permanent, abnormal air-space 
enlargement that occurs distal to the terminal bronchiole, 
and includes destruction of alveolar septa. (Albert R, Spiro 
S and Jett J, Comprehensive Respiratory Medicine. Harcourt 
Brace and Company Limited, 1999, pp 7.37.1.) It should be 
appreciated that the treatment planning methods can be used 
in conjunction With treating lung disease other than emphy 
sema. 

[0049] There are different techniques for diagnosing 
emphysema in a patient and various exemplary diagnostic 
techniques are described herein. In one embodiment, the 
diagnostic techniques comprise one or more pulmonary 
function tests, exercise tolerance tests, plethysmographic 
tests, blood analysis tests or other test that measure certain 
aspects of the entire pulmonary system of the patient. These 
tests and some of the corresponding results of the tests 
include, for example: 

[0050] Spirometric Tests 

[0051] FEV1(forced expiratory volume in one sec 
ond) 

[0052] FVC (forced vital capacity) 

[0053] FEF25%_75% (forced expiratory ?oW, 25% to 
75%) 

[0054] VC (vital capacity) 

[0055] IC (inspiratory capacity) 

[0056] IRV (inspiratory reserve volume) 
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[0057] Diffusing capacity (DLco) 
[0058] Plethysmographic Tests 

[0059] RV (residual volume) 
[0060] TLC (total lung capacity) 
[0061] RV/TLC (residual volume divided by total 

lung capacity) 

[0062] 
[0063] 
[0064] 
[0065] 
[0066] 
[0067] 

[0068] Exercise Tolerance Tests 

VC (vital capacity) 
IC (inspiratory capacity) 

IRV (inspiratory reserve volume) 

FRC (functional residual capacity) 

RaWIn (inspiratory airWay resistance) 
RaWEx (expiratory airWay resistance) 

[0069] 6MWT (six minute Walk test) 

[0070] 6 Minute Shuttle Walk Test 

[0071] Cycle Ergometry 
[0072] Dynamic Volume Tests 

[0073] Dynamic hyperin?ation 
[0074] Blood Analysis Tests 

[0075] Blood gases 

[0076] Blood oxygen saturation 

[0077] Supplemental oxygen requirements 

[0078] Body mass index (BMI) 

[0079] Intralobar collateral How 

[0080] Interlobar collateral How 

[0081] As described beloW, the results of one or more tests 
can be used alone or in combination to determine Whether a 
patient is eligible for minimally invasive treatment and can 
also be used to target a region or regions of the lung for 
treatment. Each of these tests listed above can be used alone 
or in combination to give information as to the condition and 
disease status of the pulmonary system. These tests provide 
aggregate information regarding the lung function of both 
lungs. Consequently, these tests do not provide any infor 
mation as to the speci?c location or locations in the lung of 
the disease destruction. Emphysema can manifest itself in 
numerous Ways, and the destruction of the lung parenchyma 
may be spread throughout the lung as in homogeneous 
disease, may be found to be predominantly in certain areas 
as With heterogeneous disease, or may be a combination of 
the tWo. With heterogeneous disease, the destruction may be 
located primarily in the apices of the upper lobes, it might 
be predominantly in the loWer lobes, or in any other part of 
the lungs. 

[0082] Given the uncertainty of the location of the emphy 
sematous destruction, it can be desirable that a diagnostic 
technique be used that Will accurately identify the areas of 
destruction and that Will determine the degree of destruction 
in the areas Where destruction is present. Some other 
regional or localiZed lung characteristics that may have 
important implications for these treatment methods include 
elastic recoil, preferential dynamic hyperin?ation, and the 
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existence and extent of collateral pathWays that are either 
preexisting or are formed through the progressive destruc 
tion of emphysema. Some of these diagnostic techniques 
that provide regional or localiZed information about the 
disease state of the lungs are imaging techniques and they 
include, for example: 

[0083] Chest x-rays 

[0084] Computed tomography (CT) scans 

[0085] High 
(HRCT) scans 

[0086] 
[0087] 
[0088] 
[0089] 
[0090] 

[0091] Alternately, pulmonary function tests such as FEV1 
or RV that are performed on a portion of the lung, for 
example a lobe of a lung, rather than on the Whole lung can 
give regional or localiZed information about the disease state 
and condition of the lungs that cannot be obtained With 
pulmonary function tests that are performed on the lungs as 
a Whole. 

[0092] In one speci?c embodiment, the diagnostic tech 
nique comprises a ventilation and perfusion (V/Q) scan, 
Which is used to diagnose the disease (such as emphysema). 
The ventilation and perfusion (V/Q) scan is a diagnostic 
technique that is commonly used by thoracic surgeons and 
others for targeting LVRS resection, and is comprised of a 
ventilation scan and a perfusion scan. 

resolution computed tomography 

Magnetic resonance imaging (MRI) scans 

MRI scans With inhaled hyper-polariZed gas 

Ventilation/perfusion (V/Q) scans 

Positron emission tomography (PET) scans 

SPECT scans 

[0093] The perfusion scan relies on the theory that Where 
there is destruction in the lungs, the capillary bed has been 
destroyed by the disease. The perfusion scan is a nuclear 
imaging scan Where a radioactive tracer dye is injected into 
the patient’s bloodstream, and images of the chest are 
captured With a nuclear imaging camera once the tracer has 
had a chance to be fully circulated through the patient’s 
bloodstream. Images of the chest are taken at many different 
angles in order to capture all characteristics of the blood How 
in the lungs. The tracer dye shoWs up as dark regions on the 
camera image. Consequently, a perfusion scan images a 
healthy lung as an evenly dark lung-shaped area. 

[0094] HoWever, Where blood How is absent (such as 
Where damage is present), the camera image is light or 
un-marked. Thus, lung areas With extensive emphysema 
damage (Where the capillary bed is destroyed) Will have 
little or no blood ?oW. Consequently, these areas shoW up as 
very light on the perfusion scan. This scan can be very 
helpful in seeing in general terms the location of the Worst 
physiological disruption. One problem With relying on the 
perfusion scan to assess the location of emphysemic destruc 
tion is that often in patients With emphysema the healthy 
lung is compressed and has less blood How to the area. This 
may lead to an erroneous interpretation of Where the disease 
is greatest. 

[0095] In a ventilation scan, the patient inhales a radioac 
tive tracer gas such as xenon-133 or krypton-81m. Images of 
the patient’s thorax are taken, typically in the posterior vieW, 
With a nuclear imaging camera during three phases: inhala 
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tion of the ?rst breath as the tracer gas is inhaled, during 
equilibration as the lungs are completely ?lled With the 
tracer gas, and during the “washout” phase after the patient 
has stopped inhaling the tracer gas and is expelling it from 
his or her lungs. The gas shoWs up as dark or black on the 
ventilation scan image, and these dark regions indicate areas 
of preserved or active ventilation, and areas Where no 
ventilation occur Will shoW up on the image as White or 
unmarked. The ventilation scan can thus be helpful in 
identifying areas of poor ventilation for the purposes of 
targeting minimally invasive lung isolation. 

[0096] In another embodiment, the diagnostic technique 
comprises a computed tomography (CT) or a variation 
thereof. The CT scan provides images of the chest based on 
the density of the tissue being scanned. Given that bronchial 
lumens, healthy lung parenchyma, open air spaces, vessels, 
etc. have differing tissue density, the CT scans of such tissue 
are differentiated from each other in the scan. In one 

embodiment, the CT scan is performed With the patient’s 
chest at rest, and With the patient holding a fully inspired 
breath. The scans can also be taken With the patient’s breath 
fully expired. 

[0097] Avariation of the conventional CT scan is the high 
resolution computed tomography scan (HRCT). The HRCT 
scan differs from the conventional CT scan in that it uses a 

very narroW x-ray beam collimation (1-1.3 mm slice thick 
ness compared to conventional 8-10 mm) and a so-called 
‘high spatial frequency reconstruction algorithm, to provide 
extremely high de?nition images of the lung parenchyma, 
including the pulmonary vessels, airspaces, airWay and 
interstitium. The CT or HRCT scan take high de?nition 
images of the patient’s chest at various levels throughout the 
chest cavity, Which results in a set of cross-sectional images 
or slices of the patient’s chest cavity from the top of the 
lungs to the bottom. A conventional CT scan produces 
results comprised of images that represent cross-sectional 
slices of the imaged tissue. The images can be a minimum 
of about 8 mm in thickness, Which means that the image is 
an average of all of the tissue Within the 8 mm slice 
thickness. Slices can be taken more closely together than the 
slice thickness, but this Would result in tissue appearing in 
more than one slice, Which can be undesirable. HRCT alloWs 
these images to be taken 1 mm apart or closer, and this has 
the result that the scan can capture smaller emphysematous 
lesions, and greater detail of the lung is possible. The images 
resulting from the CT or HRCT scan are digital in nature. 

[0098] The images resulting from the scans (CT or HRCT) 
are examined to permit one to determine the location of 
regions of destruction, along With the relative degree of 
destruction, With great accuracy. In this regard, the images 
are used to determine the image density of various portions 
of the chest, Which can provide an indication as to the 
amount of a healthy lung tissue and damaged lung tissue in 
a scanned area. This is because healthy lung tissue has a 
particular density, as does bone, fat, muscle, bronchial 
lumens, and open spaces such as areas of emphysematous 
destruction. Given knoWledge of the varying density of 
these tissues, the images are analyZed to determine What 
percentage of a particular area is comprised of healthy lung 
tissue and What percentage is comprised of open areas of 
emphysematous destruction. As described beloW, the analy 
sis of the images can be performed manually in that a person 
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visually revieWs the images. Alternately, or in combination 
With the manual analysis, the image analysis can be per 
formed by a computer. 

[0099] Analysis of the transitional areas from one level of 
destruction to another may enable inference of the degree of 
collateral air?oW in that area. For example, tWo adjacent 
lobes may have extreme heterogeneity (eg the upper lobe 
>75% destroyed and the loWer lobe <25% destroyed), and 
this might lead to the conclusion that collateral ?oW betWeen 
the lobes is unlikely. HoWever, it is possible that the majority 
of the emphysematous destruction in the loWer lobe (less 
than 25% destroyed) is located in the lung parenchyma that 
is adjacent to the interlobar ?ssure betWeen the loWer and 
upper lobes. This localiZed destruction at the site of the 
interlobar ?ssure may create channels for collateral ?oW 
betWeen the loWer and upper lobes. 

[0100] In one embodiment, a multi-detector CT scanner is 
deployed during diagnosis. A multi-detector CT scanner 
machine has a plurality of detectors, such as, for example, on 
the order of as many as 16 or more detectors that can capture 
images simultaneously. A use for this technology is that it 
alloWs a full set of chest images to be acquired in 7 seconds 
or less, and does not require multiple breath-hold maneuvers 
as some older, sloWer scanners require. 

[0101] A diagnostic technique involving the use of a 
multi-detector CT scanner to perform a dynamic CT scan in 
combination With minimally invasive treatment is noW 
described. The multi-detector CT scanners can be used to 
repeatedly capture an image of the same speci?c level in the 
lungs during the time it takes for the patient to perform a 
breathing maneuver (such as inspiration or expiration). This 
technique alloWs dynamic images of the lungs to be cap 
tured, and also permits regional differences in ventilation to 
be detected. This is done by analyZing the differences 
betWeen rates of density change betWeen various portions of 
the lung While the patient inhales or exhales. It has been 
observed that a region Where the density changes rapidly is 
ventilating more effectively than an area Where the density 
does not change very rapidly during inhalation or exhala 
tion. These areas Where density changes more rapidly may 
have a higher elastic recoil (loWer compliance) indicating 
areas that should be preserved and not treated With mini 
mally invasive lung isolation. Furthermore, areas Where 
density changes sloWly or not at all during breathing may 
have loWer elastic recoil (higher compliance) indicating 
areas that should be isolated in any therapy that intends to 
isolate the portions of the lung With the Worst (loWest) elastic 
recoil. 

[0102] Analysis of the CT scan can be performed to 
determine Which bronchial passageWays feed these areas of 
loW elastic recoil or poor ventilation, and minimally inva 
sive lung isolation techniques can be performed in these 
passageWays. Having this detailed information about local 
elastic recoil and ventilation available at the level of treat 
ment targeting (i.e.: lung lobe, lung segment, lung sub 
segment, etc., described beloW), alloWs isolation of the areas 
of the lung With the loWest elastic recoil or poorest venti 
lation, resulting in net functional improvement in lung 
function. 

[0103] There are other scanning technologies available 
such as PET scans, MRI scans With inhaled hyper-polariZed 
gas, SPECT scans, etc. It is contemplated that these and 
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other emerging technologies can be used as the diagnostic 
technique in the treatment planning method. It should be 
appreciated that any of the aforementioned diagnostic tech 
niques can be used alone or in combination to determine the 
presence, degree and distribution of emphysema or other 
pulmonary disease. 

[0104] 2. Data/Results Analysis 

[0105] As discussed above, the diagnostic step yields 
results that can be analyZed. With reference again to FIG. 6, 
the neXt step (represented by the How diagram boX 615) is 
to analyZe the results of the diagnostic step. Speci?cally, the 
results are analyZed to obtain information that can be used 
later in the method to determine Whether the patient is a 
proper candidate for minimally invasive lung treatment and, 
if so, Where the isolation should be performed for optimal 
treatment 

[0106] As described beloW, in one embodiment the analy 
sis yields one or more scores that provide an indication of 
the level of lung disease in one or more regions of the lung. 
The scores can be With respect to various regions of the lung 
thereby enabling one to identify Which, if any, region(s) 
should be treated using minimally invasive methods. Mini 
mally invasive methods can be performed to isolate various 
regions of the lung. For example, the minimally invasive 
method (such as the implantation of a bronchial isolation 
device) may be performed either in a lobar bronchus, Which 
Would result in the isolation of an entire lobe of the lung, or 
in the segmental or sub-segmental bronchi Which Would 
result in the isolation of a portion of a lung lobe. It is likely 
that bronchial isolation to treat emphysema is more effective 
in some patients than in others, and one of the governing 
factors in determining Which patients to treat is the distri 
bution of destruction throughout the lung, and the degree of 
destruction. 

[0107] The results of the disease detection method used 
are analyZed to determine the distribution and degree of 
destruction in the lung. The results analysis is performed at 
Whatever anatomical resolution is best suited for the bron 
chial isolation technique being used (i.e. on a lobe-by-lobe 
basis, a segment-by segment basis, etc.). Thus, the analysis 
can be performed With respect to any de?ned lung region. 
Moreover, the lung region can correspond to a convention 
ally-recogniZed lung region, such as a lung segment or lobe, 
or the lung region can be arbitrarily-de?ned. For eXample, 
the lung regions can correspond to each lung, or to each lobe 
of each lung. The lung regions can be de?ned With respect 
to any subset of the lung, such as by dividing the lung into 
Zones or regions such as core and rind, or into upper, middle 
and loWer Zones. The analysis can also be performed on each 
segment of each lobe, or at each sub-segment of each 
segment of each lobe. 

[0108] As mentioned, the results of the diagnostic step are 
analyZed to arrive at a grade indicative of the level of disease 
in a lung region. The method for arriving at the grade can 
vary. When CT and/or HRCT scans are used to detect the 
destruction due to the lung disease (such as emphysema), 
there is a method for grading the results, as described in 
Goddard PR, Nicholson EM, LasZlo G, Watt 1., Computed 
Tomography in Pulmonary Emphysema. Clin Radiol 1982; 
33:379-387 and Bergin C, Miiller NL, Nichols DM, et al., 
The diagnosis of emphysema: a computed tomographic 
pathologic correlation. Am Rev Respir Dis. 1986; 133:541 
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546, Which are incorporated herein by reference in their 
entirety. Pursuant to this grading method, all CT or HRCT 
images (or slices) containing lung parenchyma are assessed, 
and the right and left lungs are graded separately according 
to the percentage area that demonstrates changes (loW 
attenuation, lung destruction, and vascular disruption) sug 
gestive of emphysema. The eXtent of emphysema is then 
graded on a scale from 0 to 4, With a grade of 0 indicating 
no emphysema and a grade of 4 indicating the presence of 
emphysema in more than 75 percent of the lung Zone. Table 
1 shoWs a range of exemplary grades comprised of Emphy 
sema Scores and their corresponding indications. 

TABLE 1 

Emphysema Scores ES 

% of 
Parenchyma With 
Abnormalities 
Suggestive of 
Emphysema 

Emphysema 
Score (ES) 

0 
1—25% 

26-5 0% 
51-75% 
>75 % 

[0109] These scales Were conceived of to help compensate 
for the imprecision of a radiologist’s visual assessment of 
emphysema destruction. For eXample, a scale of 0-100% 
using degree of destruction is too ?ne of a scale for a visual 
read that may only be accurate to Within 10%. A scale of 0-4 
is suf?ciently gross to account for the precision of the visual 
read. As more quantitative methods become commonly 
available, it is envisioned that these scales may be revised to 
re?ect the greater sensitivity and precision of quantitative 
HRCT analysis. 

[0110] In one embodiment, an individual such as a radi 
ologist visually assesses the score by reading the CT scan 
and qualitatively assigning an emphysema score to each 
slice in the image set. HoWever, such a score assessment is 
subject to the bias of the radiologist reading the scan, and 
can result in a substantial amount of variation from analysis 
to analysis, and from reader to reader as described in 
Bankier M, Maertelaer VD, KeyZer C, Gevenois PA. Pul 
monary Emphysema: Subjective Visual Grading versus 
Objective Quanti?cation With Macroscopic Morphometry 
and Thin-Section CT Densitometry, Radiology 
1999;211:851-858. 
[0111] In an alternative embodiment, a quantitative analy 
sis of the emphysema destruction is performed by using a 
computer that analyZes the density variations Within each 
image slice. The computer is provided With data indicative 
of knoWn ranges for the density of lung parenchyma, for 
open air spaces, for fat, muscle, etc. Given these densities, 
the computer is con?gured to automatically remove from the 
image any tissue surrounding the lung that is not part of the 
lung. Thus, all that all that remains is the image of the lung. 
FolloWing this, the lung image may then analyZed by the 
computer to determine the percentage of healthy lung paren 
chyma, and the percentage of open or destroyed area. 

[0112] In order to assign scores to the lung regions, the 
lung regions are ?rst de?ned. In one embodiment, each lung 



US 2005/0016530 A1 

is divided into Zones based on the number of slices taken on 

the CT or HRCT scan. For example, each lung can be 

divided into three Zones (Upper=U, Middle=M, LoWer=L). 
If there are a total of 30 slices, for example, from the apex 
of the lungs to the diaphragm, the Zones are split into three 
equal areas of 10 slices each. It should be appreciated that 
the number of slices in each Zone can vary and can differ 

from one another. For example, if the number of slices is not 
divisible by three, the extra slice is put in the upper Zone and 
then middle Zone if there is another remainder. Each Zone is 

then scored based on the estimated average Emphysema 
Score for that Zone (either qualitatively by the radiologist, or 
quantitatively by a computeriZed method). In this example, 
the Zones do not directly correspond to anatomical units of 
the lung (i.e.: lobes or segments). An example collection of 
scores for upper, middle, and loWer Zones is shoWn in Table 
2. 

TABLE 2 

Example Zonal Emphysema Score (ES) 

Right Left 

Upper Zone 4 4 

Middle Zone 2 1 

Lower Zone 1 1 

[0113] An alternative method for analyZing the results of 
the diagnostic step, and one that is particularly Well suited 
for use in treatment With minimally invasive lung isolation, 
is to analyZe the emphysema destruction on a lobar basis, 
rather than the Zonal basis presented above. Pursuant to a 
lobar analysis, the images are divided into groups corre 
sponding to the lung lobes. Given that the interlobar ?ssures 
are at an angle relative to the plane of the image slice, many 
slices Will contain tissue from more than one lobe of the 

lung. The interlobar ?ssure dividing the lobes of the lung is 
readily visible on the CT image to a radiologist reading the 
scan if the slices are suf?ciently thin, and thus a visual 
qualitative analysis on a lobar basis can be performed. In 
order to perform a quantitative lobar analysis With a com 
puteriZed method, the computer is provided With informa 
tion regarding the location of the interlobar ?ssure on each 
slice being analyZed. 

[0114] This can be done one of various Ways. In one 
embodiment, a human operator manually trace the interlobar 
?ssure line digitally on the computer image using Well 
knoWn devices, for example a pointing device such as a 
mouse or pen and tablet. Once provided With information 
regarding the interlobar ?ssure, the computer analyZes each 
lobe for emphysema damage. This method is very labor 
intensive. In order to reduce this Work load and improve 
accuracy, a computer can be programmed to automatically 
segment the lung into lung tissue and into lobes. An example 
score for lobar analysis, rather than Zonal analysis, is shoWn 
in Table 3. 
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TABLE 3 

Example of Lobar Emphysema Score ES 

Right Left 

Upper Lobe 
Middle Lobe 
LoWer Lobe 

4 

N/a 
1 

[0115] As mentioned previously, this destruction scoring 
may be performed at other subdivisions such as at the 
segmental level, at the sub-segmental level or at any other 
appropriate subdivision of the lungs. In addition, this analy 
sis may be done With imaging based detection methods other 
that CT or HRCT such as SPECT scanning, hyper-polariZed 
gas MRI scanning, etc. 

[0116] Alternately, analysis can be performed on the 
results of other tests or diagnostic procedures such as 
various pulmonary function tests like FEVl, RV, etc., that 
measure a parameter of the function of the lungs, or other 
system of the body, as a Whole. A single parameter may be 
used, such as baseline FEV1, or a combination of measures 
may be used such as residual volume (RV) and forced vital 
capacity (FVC). These tests give results in the form of 
parameters that give information about the function of the 
pulmonary system as a Whole. Limits may be set on these 
parameters to determine if they are above or beloW or equal 
to these limits. As discussed in the next section, a patient 
may be determined to be eligible for minimally invasive 
lung isolation based on Whether or not certain of these 
parameters fall Within predetermined limits. 

[0117] 3. Patient Selection 

[0118] With reference again to FIG. 6, the third step of the 
treatment planning method (represented by the How diagram 
box 620) is to determine if the patient is suitable (i.e., 
eligible) for minimally invasive methods based on the 
results obtained in the previous step. For example, the 
scoring results of the previous step are analyZed to deter 
mine if the patient is a proper candidate for minimally 
invasive lung treatment in order to isolate a lung region. As 
mentioned, in the case of the disease being emphysema, 
patients having the disease can have varying distribution and 
severity of damage. Consequently, not all patients are suit 
able for lung isolation. In another approach, the results of the 
diagnostic tests are compared to eligibility criteria to deter 
mine Whether a patient is eligible for minimally invasive 
treatment, such as treatment With bronchial isolation 
devices. For example, the patient can be considered eligible 
for treatment if any of the diagnostic results (e.g., FEVl, 
FVC, FEF25%_75%) or a combination of the diagnostic 
results are Within a predetermined value range. 

[0119] Furthermore, if it is determined that a patient is 
suitable for minimally invasive methods, the resultant opti 
mal treatment plan may differ based on various patient 
characteristics, including, for example, the emphysema dis 
tribution and the severity in the patient. Thus, the criteria for 
determining Whether a patient is suitable for minimally 
invasive methods can comprise the location and degree of 
emphysema destruction in the lungs. This can also determine 
the particular treatment plan, such as Which regions of the 
lung and Which lung are targeted for treatment. It should be 
appreciated that the criteria for determining Whether a 
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patient is eligible for treatment can differ from the criteria 
for determining the treatment plan. The patient characteris 
tics that can determine the treatment plan and Whether the 
patient is suitable for treatment include the all of the tests 
and diagnostic procedures presented earlier. 

[0120] In one embodiment, a patient is suitable patient for 
minimally invasive treatment When the patient has lung 
destruction predominantly in one lobe or region of a lung 
(left or right), and the remaining regions or lobes of that lung 
are generally less destroyed. The reason for this is that if the 
more heavily destroyed portions of the lung are isolated With 
the procedure, the remaining non-isolated portions of the 
lung are alloWed to function more effectively by either being 
alloWed to expand to a larger siZe due to the reduction in siZe 
of the isolated portions of the lung, or by having inhaled air 
?oW more preferentially to these non-isolation portions of 
the lung. In either case, the patient’s lung function is 
improved. Thus, a patient With a more heterogeneous dis 
tribution of disease, as opposed to a homogeneous or more 
evenly distributed disease, is considered highly suitable for 
minimally invasive methods of treatment. 

[0121] There are noW described tWo examples of patient 
selection methods that have been shoWn to result in 
improvements in lung function in the selected patients With 
emphysema after minimally invasive lung isolation. The 
?rst method is based on a Zonal analysis of the previously 
obtained data (such as the CT or HRCT data), and the second 
is based on a lobar analysis of the previously-obtained data. 

[0122] In both examples in order to be radiologically 
eligible for treatment, the patient must have at least one lung 
that satis?es minimum criteria for heterogeneity and con 
straints regarding degree of parenchymal destruction Within 
the lung. The previously-determined scores (e.g., the 
Emphysema Scores) are analyZed to determine Whether the 
level of heterogeneity in each of the patient’s lungs is 
sufficient for the patient to be suitable for treatment. In one 
embodiment, the patient is suitable for minimally invasive 
treatment if the disease is heterogeneous in at least one of the 
lungs. Heterogeneity can be determined using the previ 
ously-obtained scores. For example, if there is a difference 
in Emphysema Score (discussed above) betWeen the Upper 
and LoWer Lobes Within a lung, the disease is considered 
heterogeneous and the patient is eligible for treatment. A 
patient With hybrid disease (i.e., one lung has heterogeneous 
disease and the other lung has homogeneous disease) may 
also be considered eligible for treatment as long as the lung 
With heterogeneous disease quali?es for treatment and the 
lung With homogeneous disease is not rated With maximal 
destruction as measured by Emphysema Score. 

[0123] TWo examples of patient selection methods are 
noW described. 

[0124] Patient Selection Example #1: Heterogeneous Dis 
ease With Zonal Analysis 

[0125] The process for determining Whether a patient is a 
suitable candidate for minimally invasive treatment is noW 
described in the context of Zonal analysis. According to the 
Zonal analysis process, a patient is considered ineligible for 
minimally invasive treatment (i.e., the patient is excluded 
from treatment) if the distribution of the disease in the 
patient’s lungs do not meet certain criteria. As mentioned, 
the Emphysema Scores are used to determine the distribu 
tion of the disease. 
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[0126] In one embodiment, a patient With Emphysema 
Score (ES) in either lung Where Upper Zone=4, Middle 
Zone=4 and LoWer Zone=4 is excluded from treatment. 
Table 4 includes a pair of charts that visually illustrate 
Whether a patient satis?es the selection criteria relative to the 
patient’s Emphysema Scores. The left-most column of each 
chart lists the possible Emphysema Scores for the right lung 
upper Zone and the top-most of each chart roW lists the 
possible Emphysema Scores for the right lung loWer Zone. 
A patient is considered eligible for minimally invasive 
treatment Where the selection criteria are satis?ed. 

[0127] With reference to Table 4, all possible eligible 
Emphysema Score combinations for the upper and loWer 
Zone for a given patient are shoWn as unshaded boxes. In 
order to be radiologically eligible for treatment, the patient 
must have either left lung scores such that an un-shaded box 
of Table 4 applies to the patient and/or right lung scores such 
that an un-shaded box of Table 4 applies to the patient. That 
is, the patient is eligible for minimally invasive treatment 
Where the Emphysema Score for the upper and loWer Zones 
differ from one another and Where neither of the Emphysema 
Scores are “3” or “4” in one of the patient’s lungs. This 
condition ensures suf?cient heterogeneity Within potential 
target lungs and sufficiently healthy tissue in Zones adjacent 
to potential target Zones. The target lungs and target Zones 
are those lungs and Zones that are targeted for minimally 
invasive treatment. 

TABLE 4 

Eligible Emphysema Score Combinations for Upper and Lower Zones 

RIGHT LUNG LEFT LUNG 

LoWer Zone ES LoWer Zone ES 

0 1 2 3 O 1 2 3 

Upper Upper 
Zone Zone 
ES ES 

[0128] Patient Selection Example #2: Heterogeneous Dis 
ease With Lobar Analysis 

[0129] The eligibility process is noW described in the 
context of lobar analysis. According to the lobar analysis 
eligibility process, a patient is considered ineligible for 
minimally invasive treatment (i.e., the patient is excluded 
from treatment) if the distribution of the scores throughout 
the lung lobes do not meet certain criteria, Wherein the 
criteria is based upon the scores obtained in the previous 
step. The lobar analysis eligibility process is similar to the 
Zonal analysis process. HoWever, the process differs because 
the left lung has no Middle Lobe. 

[0130] Pursuant to the lobar analysis, in one embodiment 
a patient is excluded from treatment if all lobes of either lung 
have Emphysema Scores of 4. Table 5 shoWs a pair of charts 
that visually illustrates Whether a patient satis?es the selec 
tion criteria relative to the patient’s Emphysema Scores. 
With reference to Table 5, all possible eligible Emphysema 
Score combinations for the upper and loWer lobe for a given 
patient are shoWn as unshaded boxes. In order to be radio 
logically eligible for treatment the patient must have either 
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left lung scores such that an un-shaded box of Table 5 
applies to the patient and/or right lung scores such that an 
un-shaded box of Table 5 applies to the patient. That is, the 
patient is eligible (i.e., is a suitable candidate) for minimally 
invasive treatment Where the Emphysema Score for the 
upper and loWer lobes differ from one another and Where 
neither of the Emphysema Scores are “3” or “4” in one of the 
patient’s lungs. As mentioned, this condition ensures suffi 
cient heterogeneity Within potential target lungs and suffi 
ciently healthy tissue in lobes adjacent to potential target 
lobes. 

TABLE 5 

Eligible Emphysema Score Combinations for Upper and LoWer Lobes 

RIGHT LUNG LEFT LUNG 

LoWer Lobe ES LoWer Lobe ES 

0 1 2 3 4 O 1 2 3 4 

O 0 
Upper 1 Upper 1 
Lobe Lobe 
ES 2 ES 2 

3 3 

4 4 

[0131] Other Patient Selection Criteria 

[0132] As mentioned above, the foregoing tWo examples 
use HRCT scan analysis to determine patient eligibility for 
minimally invasive treatment. There are many other test 
methods that can be used as criteria for patient selection 
including other imaging tests such as MRI, chest x-ray, etc, 
as Well as pulmonary function tests such as FEVl, FVC, RV 
etc. These tests Would be performed prior to treatment or at 
What is knoWn as “baseline”. Tests that produce a quanti?ed 
numerical result such as FEVl, etc. can be compared to a 
calculated “predicted value”. The predicted value is usually 
calculated using the patients age, race, height and gender, 
and represents an average result for a similar healthy patient. 
The patient’s test results are then calculated as a percentage 
of the predicted value, and this percentage demonstrates 
Whether the patient is above or beloW the predicted value for 
a similar healthy patient. Patients may be selected for 
minimally invasive treatment based on a single test result, or 
on the combination of a number of different test results. In 
one embodiment, the eligibility criteria of Table 5 is used in 
combination With FEVl, PVC and RV data to determine 
Whether a patient is suitable for minimally invasive meth 
ods. 

[0133] In another method, a patient is determined to be 
suitable for minimally invasive treatment if the patient meets 
three of three different test criteria When measured at base 
line (prior to treatment). One example of three criteria Would 
be a baseline FEV1 less than 35% of the predicted value, a 
baseline FVC less than 70% of predicted and a RV greater 
than 175% of predicted or RV/TLC greater than 70% of 
predicted. 

[0134] In yet another method, a patient is determined to be 
suitable for minimally invasive treatment if the patient meets 
tWo of three different test criteria When measured at baseline 
(prior to treatment). One example of a patient meeting tWo 
of three criteria Would be a baseline FEV1 greater than or 
equal to 35% of predicted (i.e. not meeting the criteria of 
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being beloW 35% of predicted), With a baseline FVC less 
than 70% of predicted and a RV greater than 225% of 
predicted or RV/TLC greater than 75% of predicted. 

[0135] In yet another method, a patient is determined to be 
suitable for minimally invasive treatment if the patient’s 
inspiratory reserve volume (IRV) drops beloW a predeter 
mined level or to Zero When the patient is exercising on a 
cycle ergometer. 

[0136] In yet another method, a patient is determined to be 
suitable for minimally invasive treatment by analysis of their 
inspiratory resistance (RaWIn). It can be desirable for the 
patient’s RaWIn to be closer to normal than on the higher side 
(greater inspiratory resistance means that there is more 
airWay disease). The theory is that if the patient has certain 
other limitations and near-normal inspiratory resistance, the 
limitations are due to loss of elastic recoil. If the greatest 
limitation is due to inspiratory resistance, then the bene?t of 
minimally invasive methods (such as implantation of a 
bronchial isolation device) Would be minimal. It has been 
shoWn in literature that the average RaWIn for a group of 
patients With emphysema Was 9.5+/—4.2 cm Water/liter/sec. 
In one embodiment, a patient is deemed suitable for mini 
mally invasive treatment Where the patient has loW inspira 
tory resistance, demonstrates hyperin?ation (e.g., 
RV>175%), and has breathing impairment (e.g., FEV1 
<35%, FVC<70%). The patient can have loW inspiratory 
resistance, for example, Where the patient’s RaWln is less 
than 10 cm Water/liter/sec, less than 9 cm Water/liter/sec, 
less than 8 cm Water/liter/sec, less than 7 cm Water/liter/sec, 
less than 6 cm Water/liter/sec, or less than 5 cm Water/liter/ 
sec. 

[0137] In yet another method, a patient is determined to be 
suitable for minimally invasive treatment by analysis of their 
forced vital capacity (FVC). In a patient With heterogeneous 
emphysema, the loWer the patient’s FVC, the greater is the 
improvement after minimally invasive lung isolation as 
measured by reduced RV and increased FEV1 and 6MWT. 
One suitable cutoff level is the patient must have an FVC 
that is less than or equal to 80% of predicted. Another 
suitable cutoff is FVC§70%. Yet another suitable cutoff is 
FVC§60%. Yet another suitable cutoff is FVC§50%. Yet 
another cutoff is FVC§40%. 

[0138] In yet another method, a patient is determined to be 
suitable for minimally invasive treatment if the patient 
reports exercise limitation due to breathlessness alone as 
opposed to exercise limitation due to leg fatigue or a mixture 
of leg fatigue and breathlessness. 

[0139] 4. Treatment Targeting 

[0140] With reference again to FIG. 6, once it is deter 
mined that a patient is suitable for treatment With minimally 
invasive methods, a treatment targeting method is selected, 
as represented by the flow diagram box 625. The treatment 
targeting methods are used to identify at least one lung and 
at least one corresponding region of a lung that is a target for 
minimally invasive methods of treatment. As With patient 
selection, the results of the analysis of emphysema destruc 
tion are used to determine the optimal treatment plan for the 
particular patient that Was determined to be eligible for 
treatment. 

[0141] There are noW described tWo examples of treat 
ment targeting methods that have been shoWn to result in 
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improvements in lung function after minimally invasive 
lung treatment in patients With heterogeneous disease dis 
tribution. Both of these examples represent a unilateral 
treatment method in Which only one lobe of one lung is 
isolated using minimally invasive methods. It should be 
appreciated, hoWever, that other treatment methods could be 
used such as multi-lobe and bilateral treatment methods, as 
Well as segmental or other sub-lobar treatment methods. 

[0142] In one embodiment, the treatment method is based 
on a Zonal analysis of the previously-obtained data, such as 
the CT or HRCT data. In another embodiment, the treatment 
method is based on a lobar analysis of the data, such as the 
CT or HRCT data. As discussed above, the minimally 
invasive treatment can be achieved, for example, by 
implanting one or more bronchial isolation devices shoWn in 
FIG. 1A. HoWever, other isolation methods can be used, 
such as the injection of glue or other therapeutic ?uid, the 
implantation of occluders, plugs or blocker, application of 
staples or clips, and other methods, as described above and 
in the above-referenced patent applications. 

[0143] Treatment Targeting Example #1: Heterogeneous 
Disease With Zonal Analysis 

[0144] In the folloWing embodiment the treatment target 
ing is based on Zonal analysis using the previously-obtained 
scores, such as, for example, the CT or HRCT Emphysema 
Scores. As discussed above, the scores provide information 
regarding the degree of heterogeneity of the disease distri 
bution as Well as the severity of destruction caused by the 
disease. TWo neW measures of these disease attributes are 
noW de?ned Which enable relative and objective character 
iZation of each patient’s condition: the Heterogeneity Score 
(HS) and the Destruction Score (DS). Together With the 
Emphysema Scores, the Heterogeneity Score and the 
Destruction Score enable determination of the appropriate 
treatment targeting plan for each patient. The formulas for 
calculating the Heterogeneity Score (HS) and the Destruc 
tion Score (DS) are presented beloW in Table 6. 

TABLE 6 

Zonal Heterogeneity Score and Destruction Score 

Right Lung Left Lung 

HRCT Grading Upper Zone 
Emphysema Score = a 

LoWer Zone 
Emphysema Score = b 

Upper Zone 
Emphysema Score = 0 

Lower Zone 
Emphysema Score = d 

Heterogeneity Score |a — b| = Right HS |c — d| = Left HS 

(HS) 
Destruction a + b = Right DS 0 + d = Left DS 

Score (DS) 

[0145] Pursuant to the treatment plan, only one lobe of one 
lung is treated using minimally invasive methods. The ?rst 
operation of the treatment targeting method is to determine 
Which lung to treat With minimally invasive methods. As 
described beloW, the Emphysema Scores, Heterogeneity 
Scores, and Destruction Scores are successively used as 
criteria for determining Which lung is to be treated. After the 
lung for treatment is determined, the operation is to deter 
mine Which lobe of the lung to treat. The Emphysema Score 
is used to determine Which lung lobe to treat. 

[0146] A ?oWchart 710 describing the process of deter 
mining Which lung and Which lobe to treat is shoWn in FIG. 
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7. With reference to FIG. 7, the treatment targeting method 
begins by determining Which lung is to be treated With 
minimally invasive methods. In a ?rst operation, it is deter 
mined Which lung has an upper or loWer Emphysema Score 
that is greater than or equal to 3, as represented by the 
decision box 715 in FIG. 7. In other Words, it is determined 
Which lung (i.e., right or left) has Emphysema Scores (ES) 
that correspond to an unshaded box in Table 4. If only the 
right lung has an upper or loWer Emphysema Score that is 
greater than or equal to 3, then the process proceeds to the 
How diagram box 720, Where the right upper lobe (RUL) or 
right loWer lobe (RLL) is targeted, Whichever has the higher 
Emphysema Score. If it is determined that only the left lung 
has an upper or loWer Emphysema Score that is greater than 
or equal to 3, then the process proceeds to the How diagram 
box 725, Where the left upper lobe (LUL) or left loWer lobe 
(LLL) is targeted, Whichever has the higher Emphysema 
Score. When a lobe is targeted, all of the bronchi leading in 
to the targeted lobe are isolated using minimally invasive 
methods. 

[0147] If both right and left lungs meet the meet the 
requirements of Table 4, then the process proceeds to the 
decision box 730, Where the Heterogeneity Score (HS) for 
the lungs are examined. In this operation, the lung With the 
highest HS is targeted for minimally invasive treatment. 
Thus, if the right lung has the highest HS, then the method 
proceeds to How diagram box 720, Where the right upper 
lobe (RUL) or right loWer lobe (RLL) is targeted, Whichever 
has the higher Emphysema Score. On the other hand, if the 
left lung highest HS, then the method proceeds to How 
diagram box 725, Where the left upper lobe (LUL) or left 
loWer lobe (LLL) is targeted, Whichever has the higher 
Emphysema Score. 

[0148] With reference still to FIG. 7, if it is determined in 
the operation of decision box 730 that the HS is the same for 
both lungs, then the process proceeds to the decision box 
735, Where the Destruction Scores (DS) for the left and right 
lungs are examined. Speci?cally, the lung With the highest 
DS is targeted for minimally invasive treatment. Thus, the 
right lung and appropriate lobe are targeted pursuant to the 
How diagram box 720 if the right lung has the highest DS. 
If the left lung has the highest DS, then the left lung and 
appropriate lobe are targeted pursuant to the How diagram 
box 725. If the DS is equivalent in both lungs, then the right 
lung and appropriate lobe are targeted pursuant to the How 
diagram box 720. In the foregoing example, the right middle 
lobe is not treated, and the lingual is considered part of the 
left upper lobe. 

[0149] Clinical results to date suggest that some patients 
experience the most bene?t When the target lobe is com 
pletely isolated, meaning that all airWays feeding air to the 
target lobe are implanted With one or more one-Way valve 
bronchial isolation devices or other bronchial isolation 
devices. It has been theoriZed that the reason for this is due 
to the high probability of damage to intralobar segmental 
boundaries in cases of advanced emphysema, Which leads to 
open collateral air pathWays from segment to segment. If an 
entire lobe is not completely isolated using bronchial isola 
tion devices or valves, gas may freely travel from a non 
valved segment to a valved segment through collateral 
pathWays created by the destruction from emphysema, and 
thus reducing the potential bene?t. Consequently although 
positive clinical results have been achieved in cases Where 








